ABSTRACT As more and more cooking recipes are published on the websites by people from different regions, it becomes available to explore the dietary habit of different regions by analyzing their recipes. As a big country owning 32 provinces and autonomous regions, China has generated a series of different cuisines. In this paper, we explore the dietary habits of Chinese by analyzing recipes of different Chinese cuisines. We collected more than 14 000 cooking recipes for the 20 different Chinese cuisines from the food-focused website. Our investigation is divided into six perspectives, including the diversity of ingredients, the manifest ingredients, the complexity of cooking, the similarity of dishes, and the dietetic therapy. By the study of recipes with Chinese cuisines, we find strong geographical effects of recipes from different Chinese cuisines. In order to help people understand Chinese habitual collocation of ingredients, we use the Apriori algorithm to find frequent itemsets. Finally, we propose a content-based online recipe recommendation engine to bring some suggestions for people. We believe that our study is helpful to get a deep insight into Chinese dietary culture.
I. INTRODUCTION
Food is a basic and important topic, which affects all aspects of our life and culture [1] . In thousands of years of development, China has cultivated many different cuisines and distinctive dietary cultures in its different regions. Due to the difficulty of collecting data, the researches of Chinese dietary habits are restricted by the lack of high quality datasets. As the development of social networks and food-focused forums, more and more recipes and cooking methods are published and shared on the websites in recent years. This development makes it available to get enough related datasets and provides unprecedented opportunities for data-driven investigation of Chinese dietary habits. There are many research works about food and related topics of food. Some of them focused on the food security about food trace-ability [2] . Some of them focused on the food quality about the ingredients [3] . Regarding to the online food recipes, the related works are focusing on temporal patterns mining in terms of recipe production, consumption and innovation [4] , [5] . Besides, in order to understand culinary cultures in different countries,
The associate editor coordinating the review of this manuscript and approving it for publication was Dongxiao Yu. a study proposed a culinary culture analysis framework to discover the topics of ingredient bases and applied them for various applications [6] . Another study used various data mining methods to analyze the culinary habits cross countries, and proposed two different classifiers, SVM and DNN, for cuisine classification [7] . They all analyzed the culinary culture in the scale of worldwide, not in a specific country.
All over the world, different cuisines are the important reflections of various cultures, regions and traditions. As China is a big country with long last history, it has vast areas and enormous population. People from different regions and nations have developed their own local dishes with peculiar characteristics. Chinese food can be roughly divided into eight regional cuisines, including cuisines of Sichuan, Hunan, Guangdong, Fujian, Zhejiang, Jiangsu, Shandong and Anhui, which has been widely accepted around. Some other cuisines are also famous, like Beijing cuisine and Shanghai cuisine. How about the relationships among different Chinese cuisines? A previous study has found that geographical proximity [8] was a crucial factor that determines the similarity of regional cuisines in China.
Although some of Chinese dishes (e.g., Kung Pao chicken, Peking Duck, West Lake Fish, etc.al) are well known by the people around the world, many essential details are unclear for common people. Such as, what kinds of ingredients are distinct in different Chinese cuisines; what factors determine the complexity of dishes cooking; how the ingredients, flavors and cooking methods combined affect the similarity of different dishes and which functions of dietetic therapy are the people prefer. In order to address above questions, we conduct this research to explore Chinese food and dietary habits by using Chinese recipes extracted from the websites. Since investigating the Chinese habitual collocation of ingredients can lead to deep insights into Chinese culinary Habits, we apply the Apriori algorithm [9] to find the frequent items from recipes. What's more, designing a useful recipe recommendation engine which can help people make decisions on what to cook. Finally, we introduce our design of recipe recommendation system.
Contribution: First, we analyze the diversity of ingredients of different Chinese cuisines. Second, we explore the manifest ingredients of different cuisines. Third, we investigate the cooking complexity of different cuisines by taking many factors into considerations, including the number of ingredients, the ways of cooking and the time consuming of cooking. Fourth, we compute the similarities between different cuisines based on their ingredients, flavors, cooking methods. Fifth, we explore the preferences of different regions in the aspect of dietetic therapy functions. Sixth, we investigate the habitual collocation of ingredients within Chinese cuisines. At last, we propose a content-based online recipe recommendation engine.
II. DATASETS
Our investigation relies on a number of datasets from Chinese food recipe website Meishijie. 1 It is the largest food-focused website in China. The website provides many services, including recipes search, cooking methods of Chinese dishes and recipe suggestions. Our dataset was crawled and archived in March 2018, and the dataset contains 20 Chinese cuisines. After the data cleaning work, we obtained 12,680 recipes belonging to 20 different Chinese cuisines.
Each obtained recipe contains a number of attributes. In our study, we use the following: 
III. DIVERSITY OF INGREDIENTS
There are many parameters affect the diversity of ingredients, such as the geographical position, agricultural situation, climatic conditions and traditional culture. Since most of the additional ingredients are used to regulate the taste of dishes, hence we consider the major ingredients as the object of study, the ingredients present here refer to major ingredients. The goal to investigate the diversity of ingredients, we set to answer these following questions: 1. What is the average number of different ingredients the people of each Chinese region have ever used to cook a dish. We consider the answer of this question as the diversity of ingredients consumption. 2. How different are the recipes of each Chinese cuisine from the perspective of their ingredients combination?
We consider the answer of this question as the diversity of ingredients combination. In order to calculate the diversity of ingredients consumption, we perform in two steps. Firstly, we set a fixed number of 60 dishes per Chinese cuisines because the number of dishes in each Chinese cuisine are variable, then discarding cuisines containing fewer number of dishes, and sampling from cuisines containing more number of dishes at random. Finally, we obtain a dataset of 13 different Chinese cuisines each containing equal number of dishes. By this set we then calculate the average number of different ingredients be used in the dishes of Chinese cuisines. The statistic information is given in Fig. 1 .
In order to calculate the diversity of ingredients combination, we consider each Chinese cuisine as a probability distribution over all ingredients. By counting the total number of occurrences of each ingredient in all dishes per cuisine, normalizing the values such that they sum to one, we obtain the ingredient distribution for each Chinese cuisine.
Secondly, we calculate the entropy of these distributions as the diversity of ingredients combination. The formula of information entropy [10] which defined a variable p as the frequency of each ingredient x i in the cuisine:
The entropy of these datasets from Chinese food recipe the unpredictability of ingredients used in the dishes. Therefore, the higher the entropy of the ingredients distribution of a cuisine, the more different the ingredients combination of its recipes. The entropy of each cuisine in the distribution of ingredients is listed in Fig. 2 .
We can clearly observed that the diversity of ingredients consumption and combination have a strong correlation with each other. That means the cuisine with high diversity of ingredients consumption tend to have high diversity of ingredients combination, and cuisine with low diversity of ingredients consumption also have low diversity of ingredients combination. This situation takes place because as the diversity of ingredients consumption increase, people will have more options to select as the ingredients for their dishes, thus they can prepare relatively unique dishes. Dongbei cuisine has the highest diversity of ingredient consumption while Guangdong cuisine has the highest diversity of ingredients combination. It means that compared with Guangdong cuisine, Dongbei cuisine has more average number of ingredients per dish but less combination of ingredients in its all dishes.
IV. REMARKABLE INGREDIENTS
The ingredients which we consider remarkable since they can represent specific cuisines in which they are used. In other words, remarkable ingredients are popular in specific cuisines but not in other cuisines. In this section, we investigate the remarkable ingredients of different Chinese cuisines using our dataset. For a specific cuisine, its remarkable ingredients contain the following features:
1. They are used in most recipes of that cuisine; 2. They are barely used in other cuisines. Term Frequency-Inverse Document Frequency (TF-IDF) [11] , an effective method which be used in the Message retrieval and Data mining. Due to the property of TF-IDF, we apply it to measure remarkable ingredients in Chinese cuisines. In the data processing, each ingredient is considered as a token, and all the tokens contained within a cuisine form a document. So that, we obtain twenty documents from our dataset. After the TF-IDF calculation, we obtain the weight of each ingredient within each cuisine. Then, we can depict the remarkable ingredients of each Chinese cuisine. Fig. 3 and Fig. 4 shows the top-100 remarkable ingredients for Xibei cuisine and Hubei cuisine respectively. The similar results of other cuisines are also available but not display due to the constraints of space. The bigger the name of ingredient, the more remarkable it is in that cuisine. Such as the ''mutton'' in Xibei cuisine and the ''blunt-snout bream'' in Hubei cuisine, they have the highest weight in their respective cuisine. In fact, Hubei province is located in Yangtze river, where has rich wetland resource. And the Northwest China (Xibei) has vast grasslands, where generating two large pastures, Xinjiang pasture and Qinghai pasture. They can be explained why aquatic product occupy an important part in Hubei cuisine and livestock product in Xibei cuisine.
V. COMPLEXITY OF DISHES
Many factors, such as the number of ingredients, cooking ways and cooking times, can affect the complexity of dishes. Therefore, investigating the factors above can help us make a horizontal comparison between different Chinese cuisines. Correspondingly, a cuisine is more complex than the other one in the event of its dishes are more complex than the another's proportionally. In this section, we explore the complexity of dishes in the following three aspects.
A. NUMBER OF INGREDIENTS
Generally speaking, the more the number of ingredients in a dish, the more complex the dish is. Since the ingredients in recipe is categorized into major ingredients and additional ingredients, for each Chinese cuisine we explore the complexity of dishes in the aspect of the number of major ingredients and additional ingredients respectively. After the counting process, we obtain the distribution of major ingredients and additional ingredients for Chinese cuisines respectively. Fig. 5 shows the major ingredients distribution of dishes per Chinese cuisine. From each Chinese cuisine, we can observe that dishes with only one major ingredient occupy the highest proportion. From the perspective of the proportion of dishes which containing more than 2 major ingredients, Guangdong cuisine is more complexity than other Chinese cuisines. Fig. 6 shows the additional ingredients distribution of dishes per Chinese cuisines. From the item with the highest proportion of each Chinese cuisine, we can clearly observe that the number of additional ingredients within Sichuan dishes is the most, up to 9. Accordingly, the number of additional ingredients within Shandong dishes is the least, low as 2.
B. COOKING TIMES
''How much patience do we need to spend on a dish?'', the cooking time spend in dish making might be the essential feature to reflect the complexity of a dish. For each Chinese cuisine, we investigate the complexity of dishes from the perspective of cooking times. By the counting work, we obtain the times distribution of dishes for each Chinese cuisine, the result is presented in Fig. 7 . Then we calculate the average time in dish making per Chinese cuisine, the result is presented in Fig. 8 .
From the highest item within each Chinese cuisine presented in Fig. 7 , we can find that the cooking times behind dishes of Sichuan, Guangdong, Jiangsu, Fujian are the longest, less than 30 minutes. Accordingly, the cooking times of Zhejiang dishes and Shandong dishes are the shortest, less than 10 minutes. In particularly, Dishes with long cooking times over 30 minutes to 120 minutes occupy a big percentage in Jiangsu cuisine. That can be explained why the average cooking time of Jiangsu dishes is the longest in Fig. 8 , close to 40 minutes.
C. COOKING WAYS
Cooking is a complex and regular process which make ingredients into delicious dishes. It also assures the nutrition of ingredients to be easily absorbed by human body. In thousands of years of development, China has generated more than 36 basic cooking ways, they represent different levels of difficulty in dish making. For each Chinese cuisine, VOLUME 7, 2019 FIGURE 9. Cooking ways within Chinese cuisines.
we investigate the complexity of dishes in the aspect of cooking ways. By the counting process, we obtain the cooking ways distribution of each cuisine. Fig. 9 shows the cooking way distribution of each Chinese cuisine. Obviously, we can find that Sichuan cuisine has higher proportion in the cooking ways of stir-fry than other cuisines, the following behind are Hunan and Shandong. The cooking way of stir-fry can make a dish rapidly, which can be explained why the less average cooking times in Sichuan, Hunan and Shandong. Meanwhile, the cooking way of decoct occupy a highest proportion in Guangdong cuisine, which needed more times to finish a dish making. That can be revealed why the average cooking time in Guangdong is relatively long.
VI. SIMILARITY OF DISHES
In this section, we set to calculate the similarity between different recipes based on their ingredients, flavors and cooking methods, in that we can explore the similarity between different cuisines which these recipes belong to. We select the dishes of eight famous Chinese cuisines as the research objects, including cuisines of Sichuan, Hunan, Guangdong, Fujian, Zhejiang, Jiangsu, Anhui and Shandong. In specially, Sichuan cuisine belongs to the regions of Sichuan province and ChongQing.
Firstly, we convert all the recipes into vector space, representing each recipe as a vector where elements indicate the frequency of ingredients, flavor and cooking method. Thereby, for each recipe we obtain a feature vector based on its ingredients, flavor and cooking method. This way, we can apply the Cosine similarity [12] , [13] as a measure of similarity between two vectors, which defined between two vectors A i and B i :
By the similarity metric above, we calculated all similarities between each pair of recipes. Fig. 10 displays the obtained results in a graph-based style. In this graph, each node represents a recipe and different colors of nodes represent different cuisines. Link weights are proportional to the obtained similarity value between two endpoints. The shorter the length of edge between two nodes means the more similar of these two recipes, and vice versa. Then, we visualized the results by using Force-directed graph drawing algorithm [14] , which makes similar nodes to be grouped together. Fig. 10 shows that more recipes which belong to the same cuisine are more similar to themselves and thus have been joined together. We clearly see the clusters formed by recipes from Sichuan cuisine and Hunan cuisine. This indicates that the geography has a direct impact on the dishes people making. Furthermore, we notice that clusters formed by the recipes of Jiangsu and Zhejiang cuisine. That indicates that the similarity of cultures can also have a great impact on the culinary habits between different cuisines.
VII. DIETETIC THERAPY
Dietetic therapy is an indispensable part of Chinese diet culture. Based on the TCM theory [15] , dietetic therapy refers to an approach that regulating the human body physiology function by utilizing the characteristics of food. When people wants to control their weight, lipid or blood pressure, dietetic therapy is common to be applied. In this section, we are exploring the application of dietetic therapy between eight famous Chinese cuisines. From the collected recipe dataset, we can observe that most recipes are labeled with tags about functions of dietetic therapy. Each tag represents the expected function that the people wants to get from the recipe. By exploring these tags, it can reveal important information of Chinese cuisine.
For each Chinese cuisine, we count the number of each tag separately. Then we obtain the distribution of tags for each cuisine. In order to obtain an overview of eight famous Chinese cuisines, we also count the number of each tag from the whole scale of eight Chinese cuisines. The statistical results are given in TABLE 1 and Fig. 11 , respectively. TABLE 1 shows the top-5 tags about dietetic therapy of each Chinese cuisine. From the TABLE 1, we can observe that ''cancer prevention'' appears in all the eight Chinese cuisines with higher proportion ranging from 5.72% to 8.14%. That means with the increasing number of cancer occurrences nowadays, people pay more attention to the recipes which have the function of cancer prevention. The following popular tags in all cuisines are ''strengthen body'' and ''anti-aging''. This represents the common aspiration of people to keep strong and healthy. Fig. 11 shows the proportion of top-10 tags about functions of dietetic therapy within all eight Chinese cuisines. It is clearly that ''cancer prevention'', ''help digestion'', ''anti-aging'', and ''strengthen body'' occupy lager proportion of 20%, 16%, 11%, 11% separately. In integrated level, this figure reflects the expectation of people in the aspect of dietetic therapy in these regions of china.
VIII. HABITUAL COLLOCATION OF INGREDIENTS
Rooted in traditional Chinese philosophy, Chinese cuisine and its cooking process reflect the harmony and balance of nature. When preparing a dish, people always put a high value on the collocation of ingredients. Each dish is usually constituted by one or two major ingredients and several additional ingredients. In fact, the flavor of dish is mainly determined by the collocation of additional ingredients, such as salt, sugar and soy sauce. Therefore, exploring the habitual collocation of ingredients can help us understand Chinese diet culture.
In order to investigate the habitual collocation of ingredients, we use the Apriori algorithm to find the frequent items [16] from recipes. We run the Apriori algorithm on the dataset that contains all the recipes of 20 Chinese cuisines. The Apriori algorithm finds frequency itemsets according to the user-defined minimum support. In this process, we set the minimum support to 0.1 and dataset D = {T 1 , T 2 , T 3 , . . . , T n }. T i represents a recipe and T i = {i 1 , i 2 , i 3 , . . . , i m } contains a set of items, which represent the ingredients of a specific recipe. The Apriori algorithm first constructs the candidate 1-itemsets. Then the algorithm generates the frequent 1-itemsets by pruning some candidate 1-itemsets if their support values are lower than the minimum support. Based on this, the algorithm constructs the candidate 2-itemsets and and prune some infrequent itemsets from the candidate 2-itemsets to create the frequent 2-itemsets. This process is repeated until no more candidate itemsets are created. thirty-one frequent 2-itemsets, nineteen frequent 3-itemsets and two frequent 4-itemsets. All the frequent itemsets are the habitual collocation of additional ingredients. According to the results, we find that the most popular collocation of ingredients are ginger, shallot, soy sauce and salt within Chinese cuisines. That means the above four ingredients are usually combined together to cook a dish at the proportional of 11.8%. There are about 24.16% recipes use shallot, ginger and salt together to cook a dish. More than one third recipes use ginger and salt together to cook a dish. Also, we can find there are many other different collocation of additional ingredients. Yet there are no major ingredients appearing in the frequent sets. The possible reason is that people from different regions of china form a habit of using the common collocation of additional ingredients in a dish. In other words, the additional ingredients are combined more frequently than the major ingredients in Chinese dishes making.
IX. ONLINE RECIPE RECOMMENDATION ENGINE
There are many food-focused websites on the internet, however, less of them provide suggestions for the user based on their food preferences. Users cannot find their preferred recipes easily. With the respect to solve this problem, a content-based online recipe recommendation engine is proposed in this section. Content-based filtering algorithm (CBFA) will be applied to recommend recipes based on the user's preferences [17] , [18] . The reason for selecting this algorithm is that it does not have the cold-start problem and it incorporates user's action to distinguish their preference.
Basically, the proposed online recipe recommendation engine consists of three components, which are the datasets, recommender module and outputs. The datasets consist of two parts: the user's preferences and the recipe information repository. The user's preferences are inputted by the user itself. While the recipe information repository stored related information including the ingredients, flavors and tags for the recipes we have collected. These two parts are the mainstays of the CBFA which are used to identify the appropriate recipes to recommend. The framework of the proposed online recipe recommendation engine is present in Fig.12 . In the CBFA, we first use TF-IDF as the weighting scheme to assign weights for all possible ingredients. Then, we use the cosine similarity measure to compute the similarity between the user's preference and the recipe profiles. The similarity calculation process is divided into three parts, including ingredient-based, flavor-based and tag-based. Then the final score of the similarity is a weighted mean of the results produced by the three parts. The weights for the three parts are set as following, ingredient-based is 0.45, flavorbased is 0.3, while tag-based is 0.25.
Based on the proposed online recipe recommendation engine, we designed a webpage for users which is given in Fig.13 . When one user wants to get some suggestions for food recommendation, they just need to follow 4 steps: input favor ingredients, choose personal flavor, order desired diet-function and finally click searching button. Then, the recommended recipes will be shown in the bottom of the webpage. For instance, we input ''Streaky Pork, Chicken Breast, Potato, Eggplant'' as the ingredients, ''Spicy'' as the flavor and ''Enhance Immunity, Promote the body's Growth'' as the diet-function. The recommend engine will provide several appropriate recipes, they are ''Kung Pao Chicken'', ''Twice-cooked Pork Slices'' and ''Spicy Shredded Pork'', as shown in Fig.13 . The exact similarity scores of recommended recipes for the above example are presented in TABLE 3.
X. CONCLUSION
In this paper, we empirically analyzed the dietary habit of Chinese by the user-generated recipes on the website. The information of ingredients, flavors, cooking times, cooking methods, cooking ways and diet-function tags of recipes have been fully taken into considerations. Based on a series of experiments, we found strong similarities between cuisines in neighboring regions, and the diversity of ingredients consumption and combination have a strong correlation with each other. We also found that some certain of ingredients (e.g., blunt-snout bream) uniquely represent a specific cuisine(e.g., Hubei cuisine). Also, we analyzed the complexity of recipes based on their cooking times, cooking ways and number of ingredients.
Moreover, we found that some combination of additional ingredients are frequently used in Chinese dishes. It is strong indicating that people in China place a high value on the collocation of additional ingredients. Our study also indicates that ''cancer prevention'' as a specific function of dietetic therapy has aroused wide attention from all Chinese cuisines.
In order to help user get their preferred dishes, we designed a content-based recommend engine to provide helpful suggestions.
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